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Computer simulation of structure formation of chain 
molecules, such as n-alkanes and polyethylene chains, 
has recently become the focus of attention in physics, 
chemistry, material science and biology. Our purpose is 
to clarify the mechanisms of structure formation of a sin-
gle polymer chain at the molecular level. To this end, we 
carry out the molecular dynamics simulation of a single 
polymer chain with 500 CH2 groups, which are treated 
as united atoms, and analyze the formation process of 
the orientationally ordered structure. 
The united atoms interact via bonded potentials 
(bond-stretching, bond-bending and torsional poten-
tials) and a non-bonded potential (12-6 Lennard-Jones 
potential). The atomic force field used here is the DREI-
DING potentiaI1). We use the velocity Verlet algorithm 
and apply the Nose-Hoover method in order to keep the 
temperature of the system constant. The integration 
time step and the relaxation constant for the heat bath 
variable are 1 fs and 0.1 ps, respectively. The cutoff 
distance for the Lennard-Jones potential is 10.5 A. The 
polymer chain is exposed to vacuum with no box to con-
fine it. The total linear momentum and angular momen-
tum are set to 'be zero in order to cancel overall transla-
tion and rotation of the chain. The MD simulations are 
carried out as follows2). At first, we provide a randomly 
distributed configuration of a single polymer chain with 
500 CH2 groups at high temperature (T = 800 K). T~e 
system is then cooled stepwise to T = 100 K with the 
rate of 50 K/1 ns. 
We show, in Fig. 1, the final chain configurations at 
various temperatures (T = 800, 500 and 100 K). From 
this figure, we find the following' features: (i) At high 
temperature (T = 800 K), gauche states are excited 
everywhere and a polymer chain forms a random-coil 
structure [Fig. 1 (a)]. (ii) As temperature decreases, the 
orientationally ordered structure is formed [Figs. 1 (b) 
and (c)]. 
In order to investigate the growth process of the 
global orientational order, we calculate the global ori-
entational order parameter P2, which is defined by 
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where'ljJ is the angle between two sub-bond vectors and 
( ... )bond denotes the average over all pairs of sub-bonds. 
The sub-bond vector is the vector formed by connecting 
centers of two adjacent bonds along the chain. The pa-
rameter P2 takes a value of 1.0 when all sub-bonds are 
parallel and that of 0.0 when sub-bonds are randomly 
oriented. In Fig. 2, we show the global orientational or-
der parameter P2 as a function of temperature. At high 
temperatures above T = 550 K, the par<;l.meter P2 takes 
a value near zero, which indicates that there is no global 
orientaionalorder. At lower temperatures than T = 550 
K, P2 increases with the decrease of temperature, which 
means that the global orientational order grows below 
T = 550 K. The growth rate of the orientational order 
below T = 400 K is smaller than that above T = 400 K, 
that is, the orientationally-ordered structure is formed 
around T = 400 K. The temperature dependence of P2 
shows a clear transition from a random-coil structure to 
an orientation ally ordered structure. 
(a) T = 800 K (b) T = 500 K (c) T = 100 K 
Fig. 1. The final chain configurations of a single polymer 
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Fig. 2. The global orientational order parameter P2 ver-
sus temperature T. 
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